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Abstract 


The lipases from Thermomyces lanuginosus (immobilized by granulation with silica) and Candida antarctica B (adsorbed on Lewatit, 
“Novozym 435”) were comparatively assayed for the synthesis of sugar esters by transesterification of sugars with fatty acid vinyl esters 
in 2-methy]-2-butanol:dimethylsulfoxide mixtures. We found that lipase from C. antarctica B is particularly useful for the preparation of 
6,6'-di-acylsucrose, whereas T. lanuginosus lipase catalyzes selectively the synthesis of 6-O-acylsucrose. The granulated T. lanuginosus 
lipase retained more than 80% of its initial activity after 20 cycles of 6h. Both lipases were similarly effective for the regioselective synthesis 
of 6'-O-palmitoylmaltose and 6-O-lauroylglucose. The effect of the synthesized sugar esters on the growth in liquid medium of various 
microorganisms (Gram-positive, Gram-negative and yeasts) was evaluated. 6-O-lauroylsucrose and 6’-O-lauroylmaltose inhibited the growth 
of Bacillus sp. at a concentration of 0.8 mg/ml, and of Lactobacillus plantarum at 4 mg/ml. Sucrose dilaurates and 6-O-lauroylglucose did not 
show antimicrobial activity, probably due to their low aqueous solubility. As regards the inhibition of yeasts, none of the tested carbohydrate 
esters inhibited significantly the growth of Zygosaccharomyces rouxii and Pichia jadinii. 
© 2004 Elsevier Inc. All rights reserved. 


Keywords: Carbohydrate esters; Sucrose esters; Maltose esters; Glucose esters; Lipases; Enzymatic transesterification; Enzyme granulation; Vinyl fatty acid 
esters; Antimicrobial activity 


1. Introduction 


Sugar fatty acid esters, synthesized from renewable re- 
sources such as fatty acids and carbohydrates, have broad 
applications in the food industry [1,2]. Other fields of appli- 
cation include cosmetics, detergents, oral-care products and 
medical supplies. Their antimicrobial [3], antitumoral [4] and 
insecticidal [5] properties have been reported and might open 
new markets. Sucrose esters and methyl glucoside esters, by 
far the most developed derivatives of this group, are being 
produced at about 4000 and 2000 Tm/year, respectively [6]. 
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Regioselective acylation of carbohydrates is an arduous 
task due to their multifunctionality [7]. Sugar esters can be 
synthesized using either chemical or biological catalysts. 
Their current chemical synthesis is usually base-catalyzed 
at high temperatures, has a poor selectivity and gives rise to 
coloured side-products [8]. However, the enzyme-catalyzed 
processes are notably more selective [9]. For this purpose, 
lipases are the most useful enzymes. Furthermore, the two 
lipases most commonly used in sugar esters synthesis are 
those from Thermomyces lanuginosus (formerly Humicola 
lanuginosa) and Candida antarctica B. 

We recently developed a new and simple process for the 
lipase-catalyzed acylation of sucrose [10] and other di- and 
trisaccharides [11]. The method was based on the use of mix- 
tures of a tertiary alcohol (2-methyl-2-butanol) and a polar 
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solvent (dimethylsulfoxide) as reaction media, which repre- 
sent a compromise between enzyme activity and sugar solu- 
bility. In this work, we have optimized the synthesis of various 
sugar mono- and diesters in solvent mixtures. We have com- 
pared the lipases from T. lanuginosus and C. antarctica B 
in terms of activity, regioselectivity and potentially reliable 
catalysts for sugar ester production. 

An intensive effort is still being made in the screening 
of novel compounds able to inhibit or delay the growth of a 
range of microorganisms, for food and medical applications. 
In particular, sugar fatty acid esters display significant activ- 
ity against several food and clinical isolates [3,12]. They have 
increasing interest due to advantages with regard to perfor- 
mance, consumers’ health and environmental compatibility 
compared to petrol-derived standard products. By control- 
ling the esterification degree, which may be modulated by 
the nature of the biocatalysts and the solvent composition, 
as well as the nature of fatty acid and sugar, it is possible 
to modify their properties. Taken this into consideration, the 
effect of the synthesized derivatives on the growth of a se- 
ries of microorganisms involved in food spoilage was also 
investigated. 


2. Experimental 
2.1. Chemicals 


Granulated lipase from T. lanuginosus and immobilized 
lipase from C. antarctica B (Novozym 435) were from 
Novozymes A/S. Maltose, glucose, molecular sieves (3 A, 
8-12 mesh) and 2-methyl-2-butanol (tert-amy] alcohol) were 
from Sigma. Sucrose and dimethy] sulfoxide (DMSO) were 
supplied by Merck. Vinyl laurate was from Fluka. Vinyl 
palmitate was from TCI (Tokyo, Japan). All other reagents 
and solvents were of the highest available purity and used as 
purchased. 


2.2. Organisms 


The microorganisms used in this study included Bacillus 
sp. CECT 40, Pseudomonas fluorescens CECT 378, Staphy- 
lococcus aureus CECT 240, Erwinia carotovora CECT 22ST, 
Escherichia coli CECT 101, Bacillus stearothermophilus 
CECT 47, Lactobacillus plantarum CECT 220, Zygosaccha- 
romyces rouxii CECT 1232 and Pichia jadinii CECT 1062. 
Microorganisms strains were maintained according the rec- 
ommendations of the manual of the Spanish Type Culture 
Collection (CECT) (http://www.uv.es/cect/). 


2.3. Enzymatic synthesis of sucrose esters 


Sucrose laurate was synthesized by transesterification of 
sucrose (0.03 M) with vinyl laurate (0.3 M) in 2-methy]-2- 
butanol containing 20% of dimethylsulfoxide, in a 5 ml scale. 
Silica-granulated lipase from T. lanuginosus or the immo- 


bilized lipase from C. antarctica B (Novozym 435) were 
used as biocatalysts (100 mg/ml). Reactions were performed 
at 40°C with orbital shaking (100 rpm) in the presence of 
3 A molecular sieves (100 mg/ml). Reactions were followed 
by HPLC, using a SP-8810 pump (Spectra-Physics Inc.), 
a Nucleosil 100-C18 column (250mm x 4.6mm, Análisis 
Vinicos, Spain), maintained at 40°C, and a refraction-index 
detector model 2410 (Waters). The mobile phase was a 
90:10 (v/v) methanol: water mixture at 1.1 ml/min. The prod- 
ucts were isolated by column chromatography, and fully char- 
acterized by spectroscopic techniques (NMR, IR, HR-MS) as 
previously described [10]. 


2.4. Enzymatic synthesis of maltose esters 


Maltose esters were synthesized by transesterification of 
maltose (0.03 M) with vinyl laurate or palmitate (0.15 M) in 
2-methyl-2-butanol containing 20% of dimethylsulfoxide, in 
a 5ml scale. The reaction mixture contained 25 mg/ml of 
biocatalyst and 25 mg/ml of 3 A molecular sieves. Reactions 
were performed at 40°C with orbital shaking (100 rpm). Re- 
actions were followed by HPLC, using a 9012 pump (Var- 
ian) and a Nucleosil 100-C18 column (250mm x 4.6 mm, 
Análisis Vinicos, Spain), maintained at 40°C. Detection 
was performed using an evaporative light-scattering detec- 
tor DDL-31 (Eurosep) equilibrated at 55 °C. Methanol:water 
95:5 (v/v) containing 0.1% acetic acid was used as mobile 
phase (flow rate 1.2 ml/min) for 7min. Then, a gradient 
from this phase to pure methanol was performed in 1 min 
at the same flow rate. Methanol was held as mobile phase 
at 1.2ml/min during 12 min. The products were purified 
by solvent precipitation and column chromatography, and 
fully characterized by spectroscopic techniques (NMR, IR, 
HRMS), as previously described [11]. 


2.5. Enzymatic synthesis of glucose esters 


Glucose laurate was synthesized by transesterification of 
glucose (0.3 M) with vinyl laurate (0.3 M) in 2-methyl-2- 
butanol. Reactions were performed at 40 °C with orbital shak- 
ing (100 rpm) in the presence of biocatalyst (100 mg/ml) and 
3 A molecular sieves (100 mg/ml). Reactions were followed 
by HPLC under conditions described above for sucrose es- 
ters, but using a mobile phase 85:15 (v/v) methanol:water. 
The products were isolated as previously described [13]. 
Briefly, the mixture was filtered, washed with 2-methyl- 
2-butanol, evaporated under vacuum, and the solid (white 
powder) was recrystallized in acetone and dried in vacuum. 
The products were characterized by spectroscopic techniques 
(NMR, IR, HRMS). 


2.6. Analysis of antimicrobial properties in liquid 
medium 


The analysis of antimicrobial activity of the carbohydrate 
esters was performed using different liquid media accord- 
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ing of the microorganism tested: nutritive broth (meat extract 
1 g/l, yeast extract 2 g/l, peptone 5 g/l, NaCl 5 g/l) for Bacil- 
lus sp., P. fluorescens, S. aureus, E. carotovora, E. coli and 
B. stearothermophilus; kimming broth (meat peptone 15 g/l, 
sodium chloride 1 g/l, glucose 19 g/l, glycerol 5 ml/l) for L. 
plantarum; and Saboureaud-glucose broth (tryptic digest of 
casein 5 g/l, meat peptone 5 g/l, glucose 20 g/l) for P. jadinii 
and Z. rouxii. 

Stock solutions of carbohydrate fatty acid esters (80 mg/ml 
in methanol, except 6’-O-palmitoylmaltose that was dis- 
solved in DMSO) were diluted to the desired concentration 
in the appropriate liquid media. The assays were prepared 
in test tubes adding 50 wl of overnight culture microorgan- 
ism suspension to the sugar esters solutions. Antimicrobial 
activity was tested after 24h incubation at 28°C (Bacillus 
sp., P. fluorescens, E. carotovora, P. jadinii and Z. rouxii), 
37°C (S. aureus, E. coli and L. plantarum) and 45°C (B. 
stearothermophilus) by either visual appreciation of growth 
or measuring the turbidity at 600 nm. Percentage of antimi- 
crobial activity in the problem test tube was calculated using 
as reference a test tube where no carbohydrate fatty acid ester 
was added, but containing either methanol or DMSO in the 
same proportion as in the problem test tube (100% growth). 


3. Results and discussion 


We synthesized a series of sugar esters, whose structure 
is summarized in Fig. 1, using an enzymatic method devel- 


oped in our laboratory. The carbohydrate was pre-dissolved 
in a low amount of dimethylsulfoxide, and it was added to 
a tertiary alcohol (2-methyl-2-butanol). This increased sub- 
stantially the solubility of the carbohydrate and avoided the 
inactivation of the biocatalyst [10]. Although this method- 
ology has been assayed successfully with T. lanuginosus li- 
pase immobilized in Celite [10,11] or granulated with sil- 
ica [14], a comparative study in solvent mixtures with the 
widely used lipase from C. antarctica B adsorbed on Lewatit 
(Novozym 435) was performed in this work. The lipase from 
T. lanuginosus lipase was granulated with silica according 
to a method previously described [14] and is currently com- 
mercialized under the trade name Lipozyme® TL IM. Silica- 
granulation is a very simple and inexpensive immobilization 
methodology that gives rise to a high efficiency/cost ratio. 
Due to the easy handling of the granules, the resulting bio- 
catalyst is easy to separate from the reaction mixture only by 
decanting [14]. 


3.1. Synthesis of sucrose esters 


The reaction medium contained 20% of dimethylsulfoxide 
in 2-methyl-2-butanol, which was previously demonstrated 
to be the optimal composition for the synthesis of sucrose 
monoesters using T. lanuginosus lipase [10]. Fig. 2 shows 
the HPLC chromatogram of the reaction mixture in the acy- 
lation of sucrose with vinyl laurate. As shown, the reaction 
with T. lanuginosus lipase is very selective towards the for- 
mation of monoester, namely 6-O-lauroylsucrose. This lipase 


6,6'-di-O-acylsucrose 


6'-O-acylmaltose 


6-O-acylglucose 


Fig. 1. Structures of the carbohydrate fatty acid esters studied; n = 10 (in lauroyl), 14 (in palmitoyl). 
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Fig. 2. Transesterification of sucrose with vinyl laurate in 2-methy]-2-butanol: DMSO 4:1 (v/v). HPLC chromatographic analysis of the reaction mixture using 
the lipases from T. lanuginosus and C. antarctica B. The peaks corresponding to monoesters (6-MONO- and 6’-MONO), lauric acid (LA), vinyl laurate (VL) 
and diesters (6,1/-DI and 6,6’-DI) are indicated. Conditions described in Section 2. 


also gives a nearly equimolar mixture of the diesters 6, 1’- and 
6,6’-, whose yield may be increased lowering the percentage 
of DMSO [10]. In contrast, the formation of monoester with 
the lipase from C. antarctica B in 2-methyl-2-butanol/DMSO 
4:1 (v/v) is only a minor process, compared with the synthesis 
of the diester 6,6’-di-O-lauroylsucrose. In addition, the mo- 
noester fraction is a mixture of the monoesters in the 6- and 
6’-hydroxyl groups. In this context, Woudenberg et al. [15] 
reported that the reaction of sucrose with ethyl butanoate cat- 
alyzed by Novozym 435 in tert-butyl alcohol, gives rise to 
a mixture of 6- and 6’-monoesters in a molar ratio 1:1. In 
consequence, lipase from T. lanuginosus is convenient for 
the synthesis of the monoester 6-O-acylsucrose, whereas the 
lipase from C. antarctica can be employed for the selective 
synthesis of the 6,6’-diester. 

We previously demonstrated with T. lanuginosus lipase 
that the DMSO percentage in the solvent mixture substan- 
tially modifies the final esterification degree [10]. Thus, at 


DMSO concentrations <10% the formation of diesters is 
favoured, whereas at percentages higher than 15% the forma- 
tion of diesters is minimized [10]. In this context, Bellot et al. 
[16] demonstrated in the esterification between glycerol and 
oleic acid that the solvent composition affects the selectivity, 
rate and substrate conversion at equilibrium. Using mixtures 
of n-hexane and 2-methyl-2-butanol of different composition, 
they observed that an increase in solvent polarity improves 
the selectivity towards the monoacylated products. The same 
effect was observed by us when increasing the percentage of 
DMSO. 

In these processes, the formation of free fatty acid is a 
common feature as a consequence of the competence be- 
tween the sugar and water for the acyl-enzyme intermediate. 
The amount of fatty acid depends strongly on the hydration 
degree of the different components used in the reactions, and 
especially on the water activity of the biocatalyst. Although 
Fig. 2 shows that the formation of fatty acid is negligible us- 
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Fig. 3. Operational stability of silica-granulated T. lanuginosus lipase in the 
acylation of sucrose with vinyl laurate in 2-methyl-2-butanol:DMSO 4:1 
(v/v) at 40°C. One cycle reaction corresponds to 6h. Reaction conditions 
for each cycle are described in Section 2. The aw of the recycled biocatalysts 
was adjusted to 0.11 prior to each cycle. 


ing T. lanuginosus lipase, we have observed the appearance 
of fatty acid in similar experiments with this biocatalyst. 

To further characterize its potential applicability, the reuse 
of silica-granulated lipase from T. lanuginosus was studied 
in this process (Fig. 3). After a reaction cycle (6h), the im- 
mobilized lipase was separated from the reaction mixture by 
filtration, washed with 2-methyl-2-butanol, dried under vac- 
uum and equilibrated at 25°C with the vapour phase of a 
saturated salt solution of lithium chloride (ay = 0.11). The 
conversion achieved in the first cycle was 98%. As shown, 
the conversion to sucrose monolaurate is above 80% after 20 
cycles of 6h. 


3.2. Synthesis of maltose esters 


Both lipases were also compared in the acylation of mal- 
tose with vinyl palmitate. In both cases, the primary hy- 
droxyl at the C-6 of the non-reducing end glucose is se- 
lectively acylated [11,15]. Fig. 4 shows the time course of 
6'-O-palmitoylmaltose synthesis with both lipases. The con- 
version is slightly higher with Novozym 435, although the 
reaction rate at the first stage of the process is a bit higher 
with T. lanuginosus lipase. Maltose is commercially avail- 
able as monohydrate, and a high concentration of palmitic 
acid is obtained in both cases by lipase-catalyzed hydrolysis 
of the vinyl ester, even in the presence of molecular sieves. 
This is of practical importance, because a high excess of the 
acylating agent is required and the fatty acid formed needs to 
be eliminated from the final product. 


3.3. Synthesis of glucose esters 


The solubility of glucose (0.60 g/l at 30°C, Ref. [13]) 
in 2-methyl-2-butanol is 3-fold higher than that of sucrose 


Conversion to 6'-O-palmitoylmaltose (%) 


0 r r r + r r r 
20 40 60 80 100 120 140 160 


Time (h) 


Fig. 4. Time-course of the acylation of maltose with vinyl palmitate in 2- 
methyl-2-butanol:DMSO 4:1 (v/v) catalyzed by: (@) lipase from C. antarc- 
tica B (Novozym 435); (O) silica-granulated lipase from T. lanuginosus. 
Conditions described in Section 2. 


(0.21 g/l at 30°C, Ref. [17]). This allowed us to perform the 
acylation of glucose in pure 2-methy]l-2-butanol without the 
addition of DMSO as cosolvent. A slightly higher reaction 
rate was achieved with silica-granulated T. lanuginosus lipase 
(data not shown). The conversion was close to 90% in only 
6h. The compound obtained was 6-O-lauroylglucose [13]. 
The same selectivity was found with C. antarctica B lipase, 
in accordance with previous reports [18]. 

Fig. 5 shows comparatively the time course of glucose 
and sucrose acylation in pure 2-methyl-2-butanol catalyzed 
by silica-granulated T. lanuginosus lipase. The sucrose con- 
version is lower than 30% in 20h, whereas a quantitative 
synthesis of 6-O-lauroylglucose is achieved. 


100 - 


Conversion to sugar ester (%) 


2 4 6 8 10 12 14 16 18 20 
Time (h) 
Fig. 5. Time-course of the acylation of glucose (@) and sucrose (O) with 


vinyl laurate in pure 2-methyl-2-butanol catalyzed by the silica-granulated 
lipase from T. lanuginosus. Conditions described in the Section 2. 
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Table 1 

Screening of antimicrobial properties of a series of pure fatty acid esters of mono- and disaccharides* 

Compound Bacillus sp. Pseudomonas fluorescens Staphylococcus aureus Escherichia coli Pichia jadinii 
6-O-lauroylsucrose® == ++ ++ +/— — +4+/— 
6'-O-lauroylmaltose” -- ++ ++ +/— — ++/— 
6’-O-palmitoylmaltose® ++ ++ ++ ++ pore ae 
6,1'-di-O-lauroylsucrose4 ++ ++ ++ ++ ++ 

6,6’ -di-O-lauroylsucrose® ++ ++ ++ ++ ++ 
6-O-lauroylglucose® ++ ++ ++ ++ ++ 


* (++) Positive growth; (++/—) growth more positive than negative; (+/— —) growth more negative than positive; (— —) no growth. 


> Tested at 2 mg/ml. 
€ Tested at 0.25 mg/ml. 
d Tested at 1 mg/ml. 


3.4. Antimicrobial properties of sugar esters 


Sugar esters are widely used in Japan as antibacterial 
agents in canned drinks. Most of the previous studies on an- 
timicrobial properties of sugar esters employed commercial 
derivatives [3,19,20]. These are constituted by complex mix- 
tures of monoesters, diesters, triesters, etc. containing dif- 
ferent regioisomers. In a few cases, the sucrose monoester 
fraction was separated from higher esters to assay antimi- 
crobial activity, although no pure regioisomers were further 
isolated [21]. To our knowledge, this is one of the first stud- 
ies of antimicrobial properties using pure carbohydrate fatty 
acid esters. In contrast with numerous works on properties 
of sucrose-based derivatives, few data is available charac- 
terizing other disaccharide esters, probably due to the lack 
of appropriate synthetic methods. We have recently inves- 
tigated the effect of several di- and trisaccharides esters on 
the growth of Streptococcus sobrinus, a bacteria with a key 
role in the initiation of dental caries [22]. With regards to 
monosaccharides, Watanabe et al. [23] studied the effect of 
several glucose, fructose and galactose esters on the growth 
of Streptococcus mutants. 

Conley and Kabara [24] demonstrated that the esterifica- 
tion of sucrose with fatty acids without antimicrobial activity 
gave rise to active derivatives against certain microorganisms. 
In general, Gram-positive were more susceptible than Gram- 
negative bacteria, whereas the inhibition of yeasts growth was 
lower than that of the other fungi [3]. Inhibition of Gram- 
positive bacteria by combination of sucrose esters with well- 
known antibiotics has been also reported [25]. 

We studied the effect of sugar head group (glucose, su- 
crose, maltose), length of the fatty acid (lauric, palmitic) and 
degree of substitution (monoester, diester) on antimicrobial 
properties. The compounds assayed are those represented in 
Fig. 1. In a first screening, we analyzed their effect on the 
growth in liquid medium of several microorganisms involved 
in food spoilage and poisoning (P. fluorescens, Bacillus sp.), 
and in a diversity of diseases (S. aureus, E. coli). P. jadinii 
was selected to represent higher eukaryotic microorganisms. 
Results are summarized in Table 1. 

Sucrose diesters and glucose monoesters are notably less 
soluble in water than disaccharide monoesters, as a conse- 
quence of their higher hydrophobicity. For this reason, su- 


crose diesters and glucose monoesters could not be evaluated 
at concentrations higher than 0.25 mg/ml, except for 6,1’- 
di-O-lauroylsucrose, that was assayed at | mg/ml. At these 
concentrations, their antimicrobial activity against all the mi- 
croorganisms tested was negligible. 

6-O-lauroylsucrose and 6’-O-lauroylmaltose inhibited the 
growth of Bacillus sp. and E. coli. This seems related with 
previous observations on the inhibition of growing Bacillus 
subtilis cells using commercial sucrose esters of various fatty 
acids [26]. Kato and Shibasaki [21] reported that fatty acid 
esters of sucrose inhibit the growth of E. coli. However, Hath- 
cox and Beuchat [20] observed that the growth of E. coli was 
unaffected in tryptic soy broth containing 1 mg/ml of a com- 
mercial sucrose laurate. 

We further studied in more detail the antimicrobial proper- 
ties of the sucrose and maltose esters. A commercial sucrose 
laurate (L-1695) was also comparatively analyzed. This com- 
pound is basically a mixture of the 6- and 6’-monoesters, 
and contains additionally 21% of sucrose dilaurates. Other 
microorganisms involved in food spoilage (B. stearother- 
mophilus, L. plantarum, E. carotovora and Z. rouxii), and 
consequently feasible causal agents of infections in humans, 
were also assayed. 

Our enzymatically-synthesized disaccharide esters 
showed interesting properties (Table 2). Among the 
bacteria tested, Bacillus sp. was the most susceptible. 
6-O-lauroylsucrose and 6’-O-lauroylmaltose inhibited the 
growth of Bacillus sp., E. coli and L. plantarum. The two 
maltose esters showed a high bacteriostatic effect on B. 
stearothermophilus. Fig. 6 shows the effect of sugar ester 
concentration on inhibition of Bacillus sp., E. coli and B. 
stearothermophilus. 

As regards the inhibition of yeasts, none of the tested car- 
bohydrate esters inhibited the growth of P. jadinii and Z. 
rouxii at a significant extent. Although the concentrations 
showing antimicrobial activity in these experiments might 
be considered high (from 0.8 to 4mg/ml), it is noteworthy 
that fatty acid esters of sucrose are commercially used as 
emulsifiers in foods at concentrations as high as 10 mg/ml 
(Ryoto® Sugar Ester Technical Information, Mitsubishi- 
Kagaku Foods Co., 1998). As a probe of their low toxicity, 
the maximum daily ingest of sucroesters is significantly high 
(20 mg/kg body weight). 


Table 2 


Screenning of antimicrobial properties in liquid medium of a series of sugar fatty acid esters. The maximum percentage of inhibition and the corresponding ester concentration are shown 


Inhibition (%) 


Compound 


Zygosaccharomyces 


rouxii 


Pichia jadinii 


Lactobacillus 
plantarum 


Bacillus 


Escherichia 


coli 


Erwinia carotovora 


Staphylococcus 


Pseudomonas 
aureus 


fluorescens 


Bacillus sp. 


stearother- 


mophilus 
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2.5 (2 mg/ml) 
8.0 (2 mg/ml) 
3.5 (1 mg/ml) 
2.0 (4 mg/ml) 


5.0 (4 mg/ml) 
6.0 (4 mg/ml) 
1.6 (2 mg/ml) 
7.0 (4 mg/ml) 


69 (4mg/ml) 
68 (4 mg/ml) 
11 (2 mg/ml) 


30 (4mg/ml) 


26 (4mg/ml) 
26 (4 mg/ml) 


22 (4 mg/ml) 


2.6 (4 mg/ml) 
1.9 (4 mg/ml) 


95 (4mg/ml) 


6-O-lauroylsucrose 


44 (2 mg/ml) 
31 (2mg/ml) 


8.0 (4mg/ml) 


93 (0.8 mg/ml) 


94 (2 mg/ml) 
94 (2 mg/ml) 


6’-O-lauroylmaltose 


2.3 (2 mg/ml) 


6'-O-palmitoylmaltose 


L-1695 


15 (4mg/ml) 


27 (4mg/ml) 


100- Bacillus sp. 


Inhibition (%) 


Inhibition (%) 


Inhibition (%) 


[Sugar ester] (mg/ml) 


Fig. 6. Growth inhibition of Bacillus sp., Escherichia coli and Bacillus 
stearothermophilus by different concentrations of 6-O-lauroylsucrose (@, 
—), 6'-O-lauroylmaltose (V, ---), 6’-O-palmitoylmaltose (O, ---) and su- 
crose laurate L-1695 (@, ——-—). 


The mechanism of action of these carbohydrate esters is 
still unclear. Nevertheless, in B. subtilis cells growing ac- 
tively, it has been observed that they cause changes in cel- 
lular morphology and induce autolysis processes that result 
in cell death [26,27]. It has been postulated that sugar esters 
reorganize the cellular membrane altering its permeability, 
which causes a loss of important metabolites [28]. 


4. Conclusions 


Lipase from T. lanuginosus is more convenient than C. 
antarctica B for the synthesis of sucrose 6-monoesters in 
solvent mixtures using vinyl fatty acid esters as acyl donors. 
Lipase from C. antarctica is especially interesting for the syn- 
thesis of the corresponding 6,6’-diesters. For the synthesis of 
maltose and glucose monoesters, both lipases are similarly 
useful. Disaccharide monoesters exhibit better performance 
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than monosaccharide monoesters, especially in terms of their 
higher solubility in aqueous medium and antimicrobial activ- 
ity. Maltose esters could be used as alternative food emulsi- 
fiers because in addition to their surfactant properties [29], 
they exhibit antimicrobial properties comparable to sucrose 
esters. 
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